It was recently reported that HeLa cells are susceptible to persistent infection by Coxsackie B3 virus with a resultant acquisition of specific resistance to superinfection by selected members of Coxsackie group B (Crowell and Syverton, 1961) . It was considered important to extend these observations to determine (i) whether additional group B viruses could be readily established in carrier states and (ii) if, in these systems, all Coxsackie B viruses (Bi to B6) would display reciprocal interference effects as a group. Results of studies to characterize viral interference properties of HeLa cell populations chronically infected with Coxsackie B5 are reported.
MATERIALS AND METHODS Cells. Parental line of HeLa cells from the laboratory of the late J. T. Syverton and derived sublines were routinely propagated by methods previously described (Crowell and Syverton, 1961) . In addition, a HeLa cell line grown in medium containing human serum was purchased from Microbiological Associates, Inc. (MBA), Bethesda, Md., and adapted to medium supplemented with calf serum to provide monolayer cultures for production of stock viruses and for routine plaque assays.
Viruses and virus assay. Origin of strains of from the Minnesota collection. Coxsackie B6 virus was gratefully received as tissue-culture fluid from W. McD. Hammon. Vaccinia virus was derived from a vaccine ampule (Cutter Laboratory strain) by inoculation into HeLa cultures. For assay of heterologous viruses in the presence of B5 virus derived from viral carrier cultures, an equal volume of diluted antiserum to B5 virus was added to each virus dilution. Complete neutralization of the B5 component was obtained during an incubation period (60 to 90 min) at room temperature prior to inoculation into plaque assay cultures. Adequacy of antiserum content was routinely verified in control assays. Cross-neutralizing activity of the B5 serum dilution used was shown absent for each virus under assay.
RESULTS
Development of HeLa-B5 carrier cultures. A population of HeLa cells in tube culture, which survived infection initiated by Coxsackie B5 virus at an input multiplicity of 5, was expanded in continous series in monolayer cultures by routine trypsinization for 3 years. Culture fluids from these normal-appearing HeLa cells ( Fig. 1 to 3 ), which were routinely assayed at most passage levels, contained 104 to 107 plaque-forming units (PFU) per ml of Coxsackie B5 virus. The medium, with pooled human serum, used for propagation of B5-carrier cells was shown to contain only a minimal amount of inhibitory substance to B5 virus, as revealed by plaque-reduction assay (Table 1 ). In comparison, it is of interest that much higher levels of B3 virus inhibitory activity were found in several human serum pools used to propagate B3-carrier HeLa cells (Crowell and Syverton, 1961) . Replacement of human serum with calf serum in the growth medium, however, resulted in almost total degeneration of the B5-infected cell population over a 15-day period; control noninfected cells thrived under similar conditions. These results suggested that, even though pooled human serum contained only a low amount of B5 inhibitor, it was essential to perpetuation of the viral carrier state. (Holland, 1962 (Liebhaber and Takemoto, 1961) . Recently, large plaque virus was found to predominate in all fluids of carrier cultures after the 42nd serial passage at the time a new human serum pool (no. 4) was incorporated into the growth medium. These results suggested that viral inhibitors in serum may have selected for given variants present in the viral population (Takemori et al., 1958) . It is of interest that viral interference characteristics associated with the carrier state were not detectably altered when either large or small B5 plaque variants predominated.
Specific viral interference by HeLa-B5 carrier cultures. A unique property of HeLa-B3 Coxsackie carrier cultures (Crowell and Syverton, 1961) was the remarkable failure of the cell population to undergo cytopathic response when challenged by high doses of virulent members of Coxsackie group B. In preliminary comparative experiments of similar design, cell populations of HeLa parent, B5-cured, B5-carrier, and MBA sublines in replicate monolayer cultures were exposed to assorted viruses to test both their range of viral susceptibility and their relative sensitivity as measured by cytopathic response.
Cells of the respective HeLa cell lines were transferred to plaque bottles to provide monolayers for comparative challenge by assorted viruses. When confluent growth was attained, the monolayers were rinsed free of human serum medium with three washes of BSS, and 0.1 ml of respective virus dilution added in quadruplicate to dry monolayers. A 1-hr interval was allowed for adsorption of virus after which agar-containing overlay was added to permit plaque development.
HeLa B5-carrier cultures were specifically resistant to superinfection by all members of Coxsackie group B (Table 4) . It can be seen that this resistance was not extended to three representative Coxsackie group A viruses, poliovirus types 1, 2, and 3, adenovirus Ti, or vaccinia virus, since comparable end-point titers were obtained for control and chronically infected cells. It is of interest, however, that the B5-cured cell population exhibited a degree of resistance to Coxsackie B viruses as typified by failure of virulent virus to produce clear plaques. In control cultures of B5-carrier cells maintained under standard agar overlay lacking viral inhibitor, no viral plaques developed, although the cells eventually degenerated after several days.
Specific interference of B5-carrier cultures as reflected by viral growth curves. To further demonstrate viral interference in B5-carrier cultures, comparative growth curves of challenge viruses were determined.
Rate of accumulative production of free virus was determined by rinsing of human serum medium from replicate monolayer cultures of HeLa sublines grown in 200-ml square bottles, inoculation of rinsed cultures with 1 ml of challenge virus (input multiplicity of infection approximately 50), incubation of cultures for 90 min at 37 C to permit virus attachment and penetration, reduction of unadsorbed inoculum virus by three successive rinses with 10 ml of BSS, and incubation for 30 min with antiserum to challenge virus followed by three rinses with 10 ml of BSS each to remove antiserum. Finally, treated cultures were overlaid with 10 ml of medium containing 10% calf serum and incubated at 37 C. At intervals, 1-ml samples of culture fluid were removed and replaced with fresh medium. Cellular debris was removed from the samples by centrifugation, and the supernatant fluids were frozen for assay of free virus. This procedure was followed with cultures of HeLa parent, B5-cured, and B5-carrier sublines inoculated with Coxsackie viruses Bi, B3, or A18, or poliovirus type 2, respectively. Production of endogenous B5 virus by carrier cells during the course of superinfection was measured in the presence of homotypic antiserum to challenge virus.
The experimental results (Fig. 4) show limited production of B1 virus by B5-carrier cultures. Similar results were obtained for B3 virus. In contrast, replicate chronically infected cultures challenged concurrently (as control) with poliovirus T2 or A18 virus were shown metabolically competent for virus replication (Fig. 5) . Thus, Fig. 7 .
Cells in monolayer were rinsed free of growth medium, removed from glass by aid of a rubber policeman and 0.02 % ethylenediaminetetraacetic acid (in PBS without calcium and magnesium), collected by centrifugation, resuspended in PBS, and counted. Samples were distributed to separate tubes, cells were resedimented in the centrifuge, and the fluid phase was replaced with virus (in BSS without glucose) to give a multiplicity of 0.01 and a final cell concentration of 5 X 106/ml. Viral attachment was allowed to proceed at room temperature (26 to 28 C) during which, at intervals, 0.1-ml samples of virus-cell suspensions were diluted 1:100 in BSS with 3% calf serum to stop viral attachment, cells were removed by centrifugation, and the supernatant Inspection of Fig. 7 reveals that B5-carrier cells have a limited capacity to adsorb B1 virus. Determination of rate of 133 virus attachment gave similar results. As control, uniform attachment kinetics were found for poliovirus T2 for the three cell lines under comparison. Thus, diminished attachment rates of group B viruses for carrier cells contributed to the observed interference characteristics. Since, however, 25 to 35% of total superinfecting virus did attach to carrier cells during a 1-hr period, it was evident that additional viral inhibitory mechanisms remained operative to account for the observed viral interference (Darnell and Sawyer, 1960; Holland, 1962 (Holland, 1962) (Ho, 1962; Wagner, 1963 (Baluda, 1959) . This (Vogt and Dulbecco, 1958 ; interference between these agents and the three Takemoto and Habel, 1959 ; Solovyov and Gule-polioviruses, whereas numerous reports (Halpern vich, 1960) ; however, it is interesting to note and Sulkin, 1961; Sabin, 1959; Hsiung, 1961;  that this did not appear to be the case for the Pacsa, 1961 ) suggest data to the contrary. These HeLa B3 virus carrier system (Crowell and conflicting observations may not be as discrepant Syverton, 1961 (Coriell, 1962 ).
viruses to demonstrate interference. Within. 1his Undoubtedly one of the most interesting concept, quantitative variation in interference of characteristics of Coxsackie group B carrier states viral replication is likely a result of asynchronous in HeLa cells is the interference property found infection of large populations of host cells by specific and limited to superinfecting homologous the primary virus. On the other hand, production or heterologous members of Coxsackie group B. of interferon, which is known to be produced by Results of experiments designed to determine enteric viruses (Ho and Enders, 1959) , may mechanisms responsible for the observed inter-account for some instances of interference reference effects revealed that (i) challenge virus ported to occur between Coxsackie and polio-viruses. It is pertinent to point out that in the present study polioviruses Ti, T2, and T3, as superinfecting agents, pre-empted B5-carrier cells for poliovirus synthesis both in fluid medium and under agar overlay. Typical plaque production during a 48-hr incubation period indicated the occurrence of repeated cycles of poliovirus replication in the system, suggesting that endogenous B5 virus was released too slowly from its bound form at the surface of cells to preclude poliovirus synthesis. "Receptor substance," derived from HeLa cells and subjected to a variety of experimental conditions, was reported to manifest parallel activity for Coxsackie Bi and poliovirus Ti (Holland and McLaren, 1961 
